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1 

oyo;S$Tj>o. m.<Dmttmizsm^tL. mm 

[m^ms] a{gt/J^#t'ei^-ei^i6^^ ¥^rffesa5*i-s 
mmjizmmmmx'h^m^e izmmr^m. 

im^m 1 0 ] wm^it^i^iiK mm-t hmmizr^ 

[00011 

fzumtm-izmth. x*)Mmizii. ^^mnam 
{:im-t?>:mizm?>. 

[00021 
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2 

^^®»iJ?$»5>l 0~3 0 5^'n>'<0. ff«?ii3tir 
[00031 ftS<7)55^C9:TTgatt{l, (^Elfeaa 

i)\ ximm(ogimmj&<7)miz&m^tih:hx\i:j^^ 

[00041 ft«g3ittS:SV>&«R<^*a*^$*t 

xa*). it:^m^(0Tizmm^tix\>^h. mk^m 
wtmrna. AmzmmLmmLxnni)^t^m.<rm 

[00051 ftJS^tt2:««)&8'Jo:^tt. #s<b^ 

:^jv^^u-i'~9mhmm^iix\^i>. z.Kh-}jm 

[00061 &«&aL:^:aei*filia2rK«>l.^ci^^rffi 
OlPWl, v'-:^ (iontophoresis) -efc 

i^SrJniS. z<n>^\izhi>^:^ym-\i. %^i}izx 

[ 0 0 0 7 1 ff, &tX!^t:@W«[x:^.;k^-fcS«5ra 

[00081 Ai^^m Ltiwmmo'moy^jmi. nn 
h. ft®®^aji(piece)L. ma^nmroyimfiz 

^^thZ. t X\ §'^<nm»^mmHziSLH--th Zti)^ 

T'^i.. -mz. nmmi:msthi::iib</mm.izii. ± 
50 A^z^^zmx^^znmm^:nM-t^^^^:^^^ 



3 

td, Gods ha 1 1 ^(0^m^^5 . 87 9. 3 2 
6^. Leei^ffiymmts^S. 250. 023#. & 
tmo 9 7/4 84 4 0^tC:^;?ilT V^S. 
[00091 >'^;l/;^Ml'-if-3t2rffiVK a^c^rfl)^* 

[00101 gft(i^gMi4-(c»tafi!3iw)*a&t^ 

[00 111 
[00 1 21 

fcl. 2r>ff)&mt:iSZ^'of:i. «A(penetrate)i:<i. 

[ooi3ifi!oT. ^<omi<7)Bmi^i=m^i: 
[00141 ^cosocoBWJi, mm^-oim&(o^^^ 

[0 0 151 3^c7)SiJ»Bfit|li. ^2r«o3t!:^t« 

[00161 5SWHc7)sijcoaw{i. ^^tiftikm^m: 

[00171 j^co^iJcoBWIi. ^^itTtS^fflaS: 
[00181 l|HHc7)«'JcoBWJi. ^l^«t^SAi-i.it 

[00191 *f&Ba«oMtj8!icoBW«. nnmi:mj& 
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4 

^ixmx-ri>tztfx7ym.<r>mA^i:^^t^s: 
mmm&eoismmmA^^z^mt^mmmi:m 

[00201 ^w^mie7)Emii. nnm^Mmtiz 
t^j:<nnmf^izmi<^mi:m&i-iiiib(nmnmn 

[00211 *iiBHc7)Mfcj80toB«Ji. Amcrmmmi: 
imt. ^LxmA-ti>tzib</)-'^(r)iSLA^i:^^i>m 
ms^^izh-^x. m^mRx/m&^tvf^^izvm 

10 i:}fi\i^htitb(D^-s-y:^)Vi:mMiz^-thmMi1^ 

■rh::tX'h?>. 

[00221 *l&Ha<OjE=Sr& mii. m*J: 

AmzmL^hi:imz&m^m&i-&f^»xoimcn&L^i^ 

[00231 *fMHc7)M^:& BWJ±. MxJf EKG<7)« 
^:*rt<'D«^i^^^:^^l'$^SI^S ^ fc ^ B Wfc -r* . 

[00241 IKB«±^B WiaiX^^OffiW BW(ife« 

h. wm:mmm)iz^\>x\t. iiaj±ssa5-»o^ 
[00251 iiBg(7)B«at^J^a. mzft^\izmh 

[00261 f6BH<7)gfltrti, WH«oggffiiax«fte6>^. 

[00271 m^Btf}. m^x/0^jf:ffmmi. 

[00281 

50 [mmmm(mm] ^m^miB-^cmmiz^im. 
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[0 0 2 9] ri-CfiOT?tLl.|£ai:V^9ffl^Ji, iJ-^^r 
[00301 ^W^<7MMRX/1jmi. «crttcf^iS>ti^ 

tuxm. mm. i^m. ammm. mm&m. 

itTSS^;^ its i^i^-tMiE K GRt/E E G i^^-t/P 
[00311 |gBH<^):tF^i. 

[00321 nnm<D-mi:imrt b izx h&m<r> 
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(iontophoresis; ^jTyadft) (Ci 0 J.V^/i$iX&. 
[00331 *^c0iafe®«<0StO3!i>r«, v^-^y 

#tll®4. '7^'^>'WBIf|cffifi2:liliirt*nriiEtt^t>-5 

b \,zriy^f^y viik(nmsimfihh ^ k ifi^^ixx 
10 #aM&tXiWjfiiiis^«0L. (PM 

N ) mf-^^uyr-V. m/\iz I L 1 . B)6«0EH? 

(TNF) , ^(rm7)^<ffm&Mss^^x'%h^ 
^mm:m--th^bifT^h. ^mmmemM') 

[0034] :«:j(|B^<^l»/jN|SQ^fiU. Wk^ttf^m. 

\izii\w9^y\,zm-hfi3SRiib<om:izmmfih 
20 mt.m'^<^^x*)^^^ixf::^^^y^\t^.iSiM. 

[00351 l6Ba<7)a/Js#t»i. ##tfc:J:l.*lfe5y4-« 

ixx\^t. WYJ^smmiir'J:^f'^yvmmsmzii 
^v9^y<r>mM.'&i:m.L. mrs. 
[00361 mi^^nthm,i'ktsi^^<r>-'dm 
mmit. nnmbn^tii,±A<r>mvm}f^\iz^Lx 

30 Ji, tTl^^^fcJ:B^^^S3«^^^•cv^s. -j^ 

^iih. ^m.m^mm<r>mii^-ti>:ib\i. 

t^'79^ymmzb-r>x^*£:fjmz-hh. ^wn 

-WaiizMim. ^tglgfnco. &^iz^h:kM.(r> 

40 lf\ 

[00371 01 ?:#H§t-& k . mms^'VJ^smwi 
o{±, o^^K^^fcoa/j^i 4^j^ 

Swt-Hi-^W^^Jto. $>«.v^«l, 3^1 2<o±li 

\izMf\y Y)vx\m:^mwm. mh ^ b 3Ept'# s . 

i^l 20-ta{±. tS/h#tcofiS. 0rSii5«+«7)a^h 
k*iT-#l.. ASWt»4. S^12{i*«Jl~4cin2 

50 w^iBs^^. eamifetRiTii. ^mmmi 2\m 
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[0 0 381 ai, 2&lf2AtC^J:3t. St^htH 

^r^SrtJV^TV^S. fit/jNlt 1 4ttHRtJi5tffla5 1 8 
^>^eiSr txa *) . l 2tP^9i^Si 1 8 fcW^ 

[oo3 9iet/h#ti4J4»iit<«i#6asgi8i&*t- 20 

S . HRtitSgS 1 8{ill®«t^JaT«) 0 , 1 
4fc:¥ffT-J)&. 5ygl8{4#^L<ttS<a^$*lT 

a*). wffli6fcaa[2ot:T3£bs. )aai2 0{4^® 

HitSSTJi, ffll352O(4fil3&HC]ti<^:0. {fflffll 6fc 
[00401 m^l^m^Wi 1 0aiX®t'h#H4S^^ixS 

[00411 8l/h#f<7)ft3&t/S:;*{4. 40 

»5^l^L2 0 0 5^'oy<7)^?5:^, JftSWttt, 
aW^JiSS 035:V^L$?>2 0 0 S^'nyf^g:^ ?r*^L, 
H5KWfc:{i**>7 5*v^Ll 2 5 5^'oy<7)KHTS>4. 

[00421 02 \,z5icm< , jSffiWttitS'J^JlJa^iJ 50 
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«l!?l|{il5U^-h;l' (mm) a:t'?»2^V>Ll 0<7) 

[00431 ft«±0^l^fiSrftA-rS^rffi*±. BrM 
{igrtcoS«<^*«2 8fe:WUIS/MS^BS:g<. IS 

^9l2 9tJ:'35^3n«.lit3. «JS<0±2:ll«B«:&|fiI 
•CfcS 1 ^riB)i;«*rfc:ffSix& . a/J^Sj^Sox h n 

^tiSiftBfc: J: O^i. S fc S . fi^Hi-ir^S© 

^tU4, tlS/J^^S»4l^5^:V^Ll 5-fey^^-^/^ 
(cm) , eiLL<U10cml!)*»?fLS. 

*x^)ll*iS®filT-«. »WN|S^St4»4 c m'^rUL*^ 
10c in2coSffi«5r#t4«iia5fi$-^-f 4 J: 5 fcr» 

[00441 ^'m<rmk(r>Wii.. Tm^^^>\-^ 

^^T. m--1j\^iZ2itiii3mfhtl&. -JRWi. 

[00451 -^rifiitcdta2 8±-ci»''j^s^a?&ajS 

a/h#t«#«l5iltll®>*tiE tfcSM 2 8 n<nmm 2 HZ 

x*)mx (^io^ffl 2 6 . a/J^#t^0Ja^ 2 

0 . 2 2at^^fi5feJga5 1 8{4#=5r-S«)^l!rr'{4^l-^ 
^rtta^m-r^. . Wm 1 4 WH3t3i§9! 1 SCO 



(6) 



[0046] nmmm^m 1 4<7Mm2 2\i. sit* 

2t:gS«^Sjaa!2 2{4, «2 6iO^^StJ:0»^ 

$fi«.iBa!2 7 iimu mm-i>whmcr>m&m^ lo 

[00471 {»/h8S^S»i. «©art«^)«^lfflK^T 
cofe^en-y FT*!.. 

[00481 ISttSKO 1 orti. gftft^i*3^S«» 
0«. yN-.yf-32ai^3>ho-7-34?:^tJ. 

^3 2ii-«tizmmmi(7)miXii^mizx of^t 

2 8 y ^ 3 2 *51te^-r & Kffi<%!'-=6: < fc t-gP^S 

[00491 >'\--/f-32J4StC. y\'/^325:&«36 
t:««£^;?-*ti$fc:B*£0&«3 62:ai>«ffiia2:JS 

mt'^mm/ryimzx o 'j-r-^^- 3 stts^^ix 

3yha-7-34J:')«ffitttS[m&^$ 
it. •Jlf-A-3 8t=SfL5t«ffi»i-e<04't::^^ftl>^ 

^3 85:3lOfi!!t8axSSsSOl^{3j:'), WmV) 
lfw^-3 8*»^>g&WC*® 3 6 Sriiii-rS. ^^^S 

F 1 wer<7)*H!HfflPm5, 8 9 5, 3 6 9^, F 1 o 50 
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1 0 

wer<0*B^lFm5. 899. 876^. Kuppe 
rb 1 attO*ffi^llF^5, 882. 677^. Fl 
ower^>05lTOflFm5, 87 3. 8 5 0^fc^3 

[00501 wmm^^-^M. &«i±±isjrffi 

[00511 mfr/mmm.^m^&mm&th t , 

miiz^iimktht. m^j:Loy^\z\SL^xnm'^ 

[00521 ^Krmmmx'ii. wi^msmmamiX 
im4^fs<f)^^~T < y^b LTSffl-rs zbi^x- 

)kL^'mn\z^^ixtffy<iz-^^^j^. m^^tifi 

^^umzw^With z b ipx'^ h . 
wm^m^omm^-~r. xa^^ y^izx 

wmximmimm^t ^ t =5: < mmsA^^mmtzm 

[00531 ^'I<7)||MS®»-C{4. UA^m^mii^^ 

&.mm^iix\.^hmzmmxii±mmmm^j:n 
mmmxiimmni^^mincomo^im o ax^fL, 

[0054] nawKJi. ^a''l^#K4%-^slls•cl@T -oti 
wm^m^xii^. t.fm'm^'i^tsi^^bm^ 

Lh^bxi. 'msm'mn<nmihu^\zmm^f^. 



(7) 

1 1 

oy^rv^L*«>2 5 0 5 ^oyo(i<^$ ^^r-tsc: t3&* 

[00551 wmB^m<r>^^icnmimm\metzm 
[00561 mm 5 6 ^w-rsstci'- y-mims^ 5 

[00571 06cO#grC{i. aa{52<0Sffl58t(i 20 
v^S. f-vy:^>;i'6O»i4'ifeli?J:0J1-ffllt:[fii3&>vv<.-x 

-vy:f;Hiaa[co®«, Sl'Mt5 4«0^^BK:Ktgfta 

[00 581 Wffll^f. «SI55 2*s?6g!SrSftaS#c^S 

{rmbtxmmmznmmimA^-^i. 
[00591 Him^Km^m^mii-mizum^ikx 

m&izmimimtx'<Dmm<r>mx(rnm^izj6 

t$^tiZti!'T^h. 

[00601 SrtiS^Si: Ofi^^j^Strffiffl^ 

m<^m.mmt. m^mmizim\^<^^^j: 
unitTrnxi-^ztm^ti. m^mimmizB.^ 
^zMLmi^tlH^t^i:mx. moa^DNAv^^yiz 
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L\izw^\z^H--thftitxnim!n^^ y^^-i^i z 

zbii^Tti,. mmtmz^^j:9^^ms,TS>i>DNA 
'Pi'i-yizimTht. 

[0061] armmsmmmmizx o . mum 

[00621 

immi mi 

OS^oyc^j^cofit/Mt^iii.fc. ja/Mt?-1^«7)j^ 
-^SIJIJtie^lltiiaL. »2 0 0tt/cm*<D#tl&S 

[00631 »W^g3^a?rt/l^t -y h<^+fc«gfc: 

mt. AM±i:miLxmcmi<m&mi:i^^t:, 

^tix^-^immfim^ v-j^iMmtti, m2t;i/t>y 

it. 

[00641 ^Briffsasi. iffssesi&iess-r s m i m 

t:5i»Sc7)3yho-;p$tutm^iDi.fc. ^tt^^ 

h) vmcthzttzx'oMtf::. fmmmmiitf 

^. -eiHi. #J«»T<0iBliRi5**«l 0 0%Tfc->>:: 
[00651 5!iaa5fitJ3ltl.JiBfl»»<7«SJ4, 50 

fip^. 5iiicoja«re3i5i<?)it5ag*^fi#:t^t 

ti. ^%«10 ox 2/5=4 0%i:JBS?L/v:. Wfti 
(0 06 61 «»<^)^$«. JifflSieSt^SJSL. ^ 

co^i^fct>3to 1 o^tiSo^iL/;. i^mmi 

(O^yyiz^Uz, emiO, ( 01^) 

65%Ti>i>ztifi^^iif::. T-^'tiJgfc:. -^im 
mS3 0~4 0^t,®^>TS»^:tf{»?r*L3t. 
[00671 «H!2 

»2 0 0 $ ^' oyoftSco^/jNtf&J^ota/jNfiS^fiS: 
[0 06 81 >f>ryb7^l'-i'XyN-y^S:^L:tjt 
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1 3 



^affl L^tJ^tJijaffliiaJ: O l O 0%co^5r#fc 

[0069] mSffiVyy^mttiJ: o 10 
[0070] 0!3 

T^tssajs^^s 1 0 0 s , «5feJiBat?rirt2> 2 

OOS^PV. tfc«¥5t«955:^2>2 00 5^oy 
gS2:S^fc^ 20 

[0071] m^^mi^A^ims^mizx ^&mim 

•Cr -y-b-f L^^. T-r;^ b 'J y rJiSJgfciJ: 0 'J H;* 
[0072] J!ia$ix/v:fi!«Sr4«l t . m^izm •) JU L 
»gil»J YtAy^T-z-^A Lti. ¥l^ffl»i2affli 

0 0 ^ifuxm^rnxMibi^msaLtz. 

[0073] M4 

fz. |ltt0l2Hfll«^Vbn7xl'— b'S^^||j&&tX 
4m&^&.lcmmL, 2mAizVl^i;^>i:^^ttz, 40 

[00741 

2|s^0«{±>f * y b 7 * i^X-'N- y ^ Ofl! L)t P T 

H ( 1 - 34 ) fc«;;^ixSai¥*e»*/l't>'i7)STaElt 
tOV>TiMS-rS. PTHS^jgttl 0 Oju g/m 1 1 
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*^i&^^;^^±tf . SfcSLitSSWfcO. 2 5m 1 2: 

[0075] &mizmm-thmaiz 2 n >y h ^ > h 
m-(^yhy:fi^-i^xj^y^izmmi:Mu^. ^-^y 

f-{±l/3 2>f>f-«7)S:;^ii5r^'J-^-^>'-i:. 1- 
0. 2. 0X{i4. Ocin2<Ofa!)iS2rl#-5TV^-2.. # 
^N- y^t::ji»tS^?««^tt'e*Lm5 0, 1 0 
0. &r^2 0 0xi lT&->;t. .''! y^{±-th'J'>A-f Jj- 

3 2^yf-ff«^^tt^?Lttii«cSr^LTV^S. i<02 
o<7)3 \-- y h ti^mmimizX 0 J^itT 
V^4. ;itl(>m»Z'li. 0. 5mA/cm2<omiS&4 

[0076] ^:^yhy:ti'-i^xj^'/^U<rim?M 

lOmMKffi, 5mMNaoHRtX3 0%^'J-b>J 
y4»fc^S<x:t. 

[0077] w\^mm.\i^bi::Ji'/^yi^xmiz 

o%<o^yrnt:;i.r;p3-;i'-cit^k:3*t)t. «/J^ 
- 5 c m2 <?^ja3i»s^ L3t . 'j^mco&ma^mtf' 

[0 0 78] >f3ryh7*V->':^>'^«yf-?rMBajiaW 
fcjifflLJt. jliilg4'(OPTH<7)*«4^St-^'-3tL 
3t. 01 Ko^yyiz^-mizATimtmit 

[0079] «^6 

iE^&t/^jia5fi[{;>f3ryh7*v-i^;^^iTv^aiffiu 
fc. ^Ei^Wi. ^*0«o>f:*yh7*u-i^x. m 

y b 7 :r I'-vXSi Ut-^v^T WffiL^t . 
[0080] ifflUCDSS? 

2miHm 2 0 0 5 oy«0^? cO#tcOiiS5:^i^ 'J 

3 ymcm^i<i^^mx 5mm^tmuz. 



1 



1 5 



[0 0811 -'N'/^iOrif^y 

^^TV^S. |©ffi>'^yf-{i4cm2<01/3 2'' Por 
ex {m. ^?Ltt;K'Jxf-U:^) ±tC2cin2<Ol^ 

in201/3 2 "Porex ^^TLtt^ifUx^l/ 

y) ±<!02cm2<o^sfl:^•!'VA5^^^■cv^^.. v^-r 

^^^2 00/x 1 <DjES4SI:ftS*5'Jni. >'N'-y^Sr»!ft 10 
cOBt^<a§t)ifflL:t. #.-PorexT'fX^'»±, 

[ 0 0 8 2 1 >f ye-:J^yxatXTEWL 

ji*-LS!*?m (TEWL) y\f-yy:^m^^ 

[0083] mL^m. 

O^t. Eppstein ^>{;:J: iJDiabetes Technol 
ogy & Therapeutics.Voll, No.l, 1999. pp.21-27tC-e * 
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1 6 

<0-^ h 'J »>A7;l^3ro-fe>f ySr#0fi4 tJt (18.1 

kg^^y^'t:) . ast»7^)-»tc:. 6oo$^ory'< 

t. SLM Aminco 7;P:tDP<-^' (181)6=4 
93. 5nm ;IBt=520nm) tCT^S-iffl^L 

[0084]|g« 

«3fe<0lH|JR*<0ife*SrT^ 1 mm 1 2 <0^^7 7 tjp 

yttas^JSHirrscifc^ LT7;i':tD-b^:^*^t 

ht. isffi-c»43fgm±. i^-cii2<gj.:Ui7;w3ro-fe 
>f y<^m^Jiin5-e-S^:i:5:S^LTv^4. 
[0085] 
[^1] 



Itvf- 1 S F J; Otta»**vfc1^>7n. 



1^ 

6337 
5716 



1S8D0 
I2S«0 



2761 
1484 



4938 
3846 



1264 
1212 



Its 

lag Si 

gMfti 0.01007 o.oesu 

aM&Z 0.00908 0.01993 
iFlj^ 0.009E8 0.0Z2S2 

[00861 W:>1i><fmm^i. 0*56Bg&«S^tfc 

[HI 1 ^<0||]te®SI<0-o{::J:I.S»±(-ffiS3n 
[02101 <o|li!dS«<O«»/Jv^j^a^iBSffi0T* 

[02 A] m-^^^m.<mm^hh, 

[03 1 ia/jN#i-co5t3Ss^^-r, 0i«^is®«i=fc«ts 

[04 1 ^n<r)mmi^'rmsLm<^W8m(ni& 

«0TfcS. 

[051 ^^ix.t:mssi>mj,zmiffitz>i y h 7 * 



ll.iUt Mm 

0.00439 0.00784 0.00201 
0.00238 0.00611 0.00193 
0.00337 0.00698 0.00197 

[06na/h8g3att&i/s6iSEigia^^. s«<o^sss 
aitfcjti.«/j^^3^a<^iSBD0T*)S . 
[07 ] «ijg$tifcaiaa!fit«ias*i-cv^^rv^j*jiai 

40 0TJbl>. 

[081 Ma^ivtj^lilittfc^ji^nTV^^rV^SIMas 

fiLii-^>f y h 7 * k-i^:^^ai&ffl»'^JtiifS<^^ 

5:ltli^ri.0-C*>-&. 

[09 1 t5tsga5J^«tPiaL/::fiE«**'i 

(SJR$ix2.ffl*5r5^-r0T&l. , 
[010] ^$^^iMaaJfii:^§tl.T».^=5:V^i*3i 

[01 11 -f:tyb7*^-i^xat^STa«fcJ:SP 
i550 TH<7)jliiaiiBJg^S^-t0Tfcl>. 
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1, ntlfl ftf rm^tilim 

METHOD AND DEVICE FOB AHRADIHG SKIM 

1. A metliad for tbe delivery of a substance to a 
patient, said method ccHoprlslng: 

positioning a mlcroabrader at a delivery site on 
the skin of a patient, said mlcroabrader having a 
support and a plurality of microneedles coupled to said 
su^rt. said microneedles having a length to abrade 
the stratum comeum and to penetrate the stratum 
comeum substantially without piercing the stratum 
corneum; 

moving said mlcroabrader to abrade the stratum 
comeum at said delivery site to Increase the 
permeability of the skin to the substance; and 

applying said substance to said delivery site to 
transfer said substance through the stratum comeum and 
into the skin. 

2. The method of claim 1, irtierein each of said 
microneedles has a substantially frustoconlcal shape 
terminating in a blunt tip. 

3. The method of claim 1, wherein said moving 
step comprises moving said mlcroabrader in one 
direction in a substantially straight line to form a 
plurality of spaced-apart grooves on the skin. 
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4. The method of claim 3. ccniprlslng the further 
steps of repositioning said mlcroabrader at said 
delivery site and again moving said mlcxoabrader In 
said straight line. 

5. The method of claim 1, wherein said abraded 
delivery site comprises an area of skin having a 
plurality of substantially parallel grooves separated 
by peaks. 

6. A device for abrading the stratum comeum of 
the skin, said device comprising: 

a support having a bottom face; and 

a plurality of microneedles coupled to and 
extending substantially perpendicular fran said bottom 
face, said microneedles having a length to penetrate 
the stratum comeum substantially without piercing the 
stratum comeum. 

7. The device of claim 6. wherein said 
microneedles are about 50 to about 250 microns In 
length « are arranged In a plurality of columns and rows, 
and are substantially uniformly spaced apart. 

8. The device of claim 6. wherein each of said 
microneedles has a substantially f mstoconical shape 
terminating at a blunt tip. 
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9- The device of claim 6, wherein each f said 
Blcroneedles has a plurality of side i»alls extending 
from said support and terminating at a blunt tlp- 

10* The device of claim 9. wherein each of said 
side walls Is Joined to an adjacent side wall along an 
abrading edge* 



1, l>ntr-'''fM* ig^i*«'*»i«n cef thfk Tnventian 

The present invention relates to a method and 
device for abrading the skin. More particularly, the 
Invention is directed to a method of abrading the 
stratum comeum to promote transdermal delivery or 
sampling of a substance. 

itorfrgrmf t^ thtf^ Invention 

The skin is made up of several layers with the 
upper composite layer being the epithelial layer. The 
outermost layer of the skin is the stratum comeum that 
has well known barrier properties to prevent external 
molecules and various substances from entering the body 
and internal substances frcm exiting the body. The 
stratum comeum la a complex structure of conpacted 
keratinized cell remnants having a thickness of about 
10-30 microns. The stratum comeum forms a hydrophobic 
membrane to protect the body from invasion by various 
substances and to prevent the outward migration of 
various compounds* 
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The natural ImpermBablllty of the etratuai c rneum 
inhibits the administration of n»Bt pharmaceutical 
agents and other substances through the skin. Hum rous 
methods and devices have been proposed to enhance the 
permeability of the akin and to Increase the diffusion 
of various drugs through the skin so that the drugs can 
be utilized by the body. Typically, the delivery of 
drugs through the skin is enhanced by either Increasing 
the permeability of the skin or Increasing the force or 
energy used to direct the drug through the skin. 

Several methods of enhancing skin permeability 
have been proposed and used with varying success. The 
prior mechanical methods use an adhesive strip that is 
repeatedly applied to the skin to strip numerous layers 
of cells from the stratum comeum. Other methods use a 
scraper such as a scalpel blade or sandpaper to abrade 
the skin. These methods are usually painful or 
uncomfortable and increase the risk of infection by 
excessively reducing the skin barrier function. 

Other methods of increasing skin permeability use 
various chemical permeation enhancers or electrical 
energy such as electroporation. Oltrasonic energy sucSh 
as sonophoresis and laser treatments has been used. 
These methods require complex and energy intensive 
electronic devices that are relatively expensive. The 
chemical enhancers are often not suitable for 
transdermal drug delivery or sampling. 

One example of a method for increasing the 
delivery of drugs through the skin Is iontophoresis. 
Iontophoresis generally applies an external electrical 
field across the skin, ionic molecules in this field 
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are moved acrofis the skin due t th force of the 
electric field. 'She amount and rat of drug delivery 
using iontophoresis can be difficult to ccHitrol* 
Iontophoresis can also cause skin damage on prolonged 
exposure. 

Sonic, and particularly ultrasonic energy, has 
also been used to increase the diffusion of drugs 
through the skin. The sonic energy is typically 
generated by passing an electrical current through a 
piezoelectric crystal or other suitable 
electromechanical device. Although numerous efforts- to 
enhance drug delivery using sonic energy have been 
proposed, the results generally show a low rate of drug 
delivery. 

Another method of delivering drugs through the 
skin is by forming micropores or cuts through the 
stratum comeum. By piercing the stratisn comeum and 
delivering the drug to the tissue below the stratum 
comeum, many drugs can be effectively administered. 
The devices for piercing the stratum comeum generally 
include a plurality of micron-si«e needles or blades 
having a length to pierce the stratum comeum without 
passing cooqplotely through the epidermis. Bxamples of 
these devices are disclosed in U.S. Patent Ho. 
5,879.326 to Godshall et al.? U.S. Patent Ho. 5.250.023 
to Lee et al.; and IVO 97/48440. 

Transdermal dmg delivery is also known to use 
pulsed laser light to ablate the stratum comeum 
without significant ablation or damage to the 
underlying epidermis. A dmg is then applied to the 
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ablat d area and allowed to diffuse through the 
epidermis. 

The prior methods and ^paratua for the 
transdermal administration of drugs have exhibited 
limited success. Accordingly, a continuing need exists 
in the Industry for an improved device for the 
transdermal administration of various drugs and other 
substances • 

^"■^nr "f Tiwrnntian 

The present invention is directed to a method and • 
device for abrading the skin, and particularly, the 
stratum comeum of the sltin, the invention is further 
directed to a method of obtaining a sample or for the 
transdermal delivery of a substance, such as a drug or 
pharmaceutical agent « through the abraded area on the 
stratum comeum. One aspect of the Invention is 
directed to a method and device for preparing a 
delivery site on the skin to enhance the delivery of a 
pharmaceutical agent through the stratum comeum of the 
skin to a sufficient depth where the pharmaceutical 
agent can be absorbed and utilized by the body. 

To clarify this invention » two definitions are 
made. Penetrate, in the context of this invention, 
shall mean to enter, but not pass through a body or 
substrate. Pierce, in the context of this invention, 
shall mean to enter and pass through the body or 
substrate 

Accordingly, a primary object of the invention is 
to provide a method and device for efficiently 
penetrating the stratum comeum substantially without 
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pain to the patient and with a minimum of ixxitation to 
skin, thereby exposing the tissue below the stratum 
comeum directly to a pharmaceutical agent for 
absorption by the body. 

A further object of the invention is to provide a 
nethod for abrading the stratum comeun in a simple and 
reliable manner. 

Another object of the invention is to provide a 
microabrader device having a plurality of microneedles 
which idien rubbed on the skin penetrate the stratum 
comeum and form a plurality of spaced-apart grooves in 
the stratum comeum. 

A further object of the invention is to provide a 
device for delivering a plurality of dmgs 
transdermally through an abraded area of the skin to a 
patient either simultaneously or sequentially. 

Another object of the invention is to provide a 
method for transdermally delivering a substance through 
an abraded area of the skin using iontophoresis. 

A further object of the invention is to provide a 
msthod and device for penetrating the stratum comeum 
and for the sampling of a substance from a patient. 

A still further object of the invention is to 
provide a device having a plurality of microneedles for 
abrading and penetrating the stratum comeum and a 
supply for supplying a substance, such as a 
pharmaceutical agent, to the microneedles. 

Another object of the Invention is to provide a 
device having a plurality of microneedles having a 
blunt tip for abrading a plurality of grooves into the 
stratum comeum without piercing the stratum comeum. 
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Still another object of the Invention is to 
provide an abrader and delivery device having an array 
of microneedles for abrading and penetrating the 
stratum comeum of the skin, irtiere the device has a 
channel in a bottom surface for directing a substance 
to the microneedles and the abraded skin. 

A further object of the invention is to provide a 
mlcroabrader device having an array of microneedles for 
abrading the skin to transdermally withdraw a substance 
from the patient. 

A further object of the invention is to provide a 
method and device for reducing the Impedance of the 
skin without piercing the stratum comeum for measuring 
the body's internal electrical signals, such as BKG. 

These and other objects of the Invention are 
substantially achieved by providing a device for 
abrading the skin to promote the delivery or withdrawal 
of a substance throug^h the skin of a patient. In a 
preferred embodiment « the device comprises a planar 
support having a bottom surface. A plurality of 
microneedles is coupled to and Integral with the bottom 
surface of the support* The microneedles have a blunt, 
flat tip and a length sufficient to penetrate the 
stratum comeum of the skin without piercing the 
stratum comeum during abrading of the skin to enhance 
the permeability of the skin. 

The objects and advantages of the invention are 
further attained by providing a method for Intradermal 
deUvery of a substance to a patient. The method 
coa«»rlse8 positioning a mlcroabrader at a delivery site 
on the skin of a patient where the mlcroabrader has a 
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planar support and a plurality of microneedles coupled 
to the planar support. The microneedles have a length 
to penetrate the stratum comeum of the sXln without 
piercing the stratum comeum. The microahrader is 
moved over the surface of the skin to abrade the 
stratum comeum on the delivery site and thereafter a 
substance is applied to the delivery site for 
transferring through the skin for absorption by the 
body. 

The objects of the invention are further attained 
by providing a method of treating the skin of a patient 
to enhance transdermal delivery of a substance or the 
vithdrawal of a substance from the body. The method 
CGO^rises positioning a microahrader with a plurality 
of microneedles at a delivery site on the skin of the 
patient and moving the microahrader in a direction to 
abrade the stratum comeum and form an abraded area. 
The abraded area has a plurality of grooves formed in 
the skin by abrasion with the microneedles and a peak 
between the grooves. The grooves penetrate, but do not 
pass throu^ or pierce the stratum comeum. 

The objects, advantages and other salient features 
of the invention will become apparent from the 
following detailed description ^ch, taken in 
conjunction with the annexed drawings, discloses 
preferred embodiments of the invention. 



The present invention is directed to a method and 
device for preparing the skin for transdermally 
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administering a substance to the body f a patient, 
withdrawing a sabstanoe from the body of a patient, or 
making a measurement of an electrical signal generated 
inside the body. More particularly, the invention is 
directed to a device and to a method for abrading the 
stratum comeum to enhance the administering of a 
substance through the stratum comeum of the skin of a 
patient. 

As used herein, the term abrade refers to removing 
at least a portion of the stratum cometm to Increase 
the peimeability of the skin without causing excessive 
skin irritation or coapromising the skin's barrier to 
infectious agents. The microabrader of the Invention 
is a device capable of abrading the skin to attain this 
result. In preferred embodiments, the abrading of the 
skin penetrates the stratum comeum without piercing 
the stratum comeum. As used herein, penetrating 
refers to entering the stratum comeum without passing 
coTOletely through the stratum comeum into the 
adjacent layers. Piercing refers to passing through 
the stratum comeum into the adjacent layers below the 
stratum comeum. 

The device and method of the present invention are 
particularly suitable for use in preparing skin to 
reduce the electrical resistance for measuring an 
electrical signal generated in the body, administering 
a substance, such as a pharmaceutical agent, to a 
patient or withdrawing a substance transdermally from a 
patient. As used herein, a pharmaceutical agent 
includes a substance having biological activity. 
Examples of suitable pharmaceutical agents which can be 
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delivered through the body membranes and surfaces, and 
particularly the skin, include antibiotics, antiviral 
agents, analgesics, anesthetics, anorexics, 
antiarthritios, antidepressants, antihistamines, anti« 
inflannatory agents, antineoplastic agents, vaccines 
(including DNA vaccines), and the llXe. Other 
substances that can be delivered intradermally to a 
patient include proteins, peptides and fragments 
thereof. The proteins and peptides can be naturally 
occurring, synthesized or recoobinantly produced. 
Substances and agents withdrawn from the body include 
analytes, drugs, glucose, body electrolytes, alcohol, 
blood gases, and the like. Signals measured on an 
abraded skin site include EKG and EEC signals. 

the method of the invention is primarily directed 
to preparing the skin and particularly the stratum 
comeum using the abrader device for enhancing the 
delivery of a substance transdermally to a patient and 
for sampling various agents from the patient. In one 
embodiment of the invention, the device is applied and 
moved or rubbed on the skin to abrade and remove a 
portion of the stratum comeum substantially without 
piercing the stratum comeum. The device is rraoved 
and an active or passive drug delivery device, or 
sampling device, or signal electrode is then applied 
over the abraded area. 

It has been found that the preparation of the skin 
by abrading a portion of the stratum comeum provides a 
significant increase in the rate of delivery and dose 
of a substance through the stratum comeum comgare^, to 
conventional active and passive transdermal delivery 
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devices. Abrasion of the skin acoording to the 
invention provides an increased rate of delivery of a 
sabstance compared to the use of chemical enhancers for 
passive delivery* The most notable increase in delivery 
is found by iontophoresis on a previously abraded 
delivery site. 

In sone enbodUaents of the present invention « a 
vaccine is atainistered using the device and method of 
the invention. IThe microabrader device of the 
invention is believed to have a unique immunological 
advantage in the delivery of vaccines with the 
potential of increasing the vaccine's dinlMl value. 
The penetration of the multiple needle ends Into the 
stratum comeum is suggested as having an adjuvant -like 
stimulatory effect. The needles tick response from 
multiple microneedle points is believed more than a 
single acute inflammatory response. Needles ticks can 
cause damage to a variety of cells and cellular 
architecture, causing the ^pearance of 
polymorphonuclear neutrophils (PMN) and macrophages as 
well as the release of ILI. tumor necrosis factor (TNF) 
and other agents, irtiich can lead to a number of other 
Immunological responses. The soluble stimulatory 
factors influence the proliferation of lymphocytes and 
are central to the Immune response to vaccines. The 
IsmHie stimulation is proportional to the direct 
needle-cell interaction. 

The microabrader of the present invention is 
valuable in promoting significant immine response to a 
vaccine in the abraded area. The small grooves created 
by the microneedle array over the abraded area are 
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bell vad to Inor ase the availability of the vacoine 
antigen for interaction with antigen presenting cells 
compared to a vaccine deposited by standard needles. 

The microneedle array of the invention is believed 
to magnify several-fold the trivial or inconseguential 
Ijmmine stlmolatory Impact of a single needlestick. The 
microabrader facilitates and enhances vaccine 
Imminogenicity by an adjuvant -like liomine stimulation. 

The primary barrier properties of the skin 
including the resistance to drug delivery reside in the 
outermost layer of the epidermis, referred to as the 
stratum comeum. The inner layers of the epidermis 
generally include three layers, coononly identified as 
the stratum granulosum, the stratum malpighii, and the 
stratum germinativum. Once a drug or other substance 
appears beloir the stratum comeura, there is essentially 
no resistance to diffusion into subsequent layers of 
the skin and eventual absorption by the body. Helping 
a substance into the stratum comeum can be an 
effective method for facilitating absorption of some 
substances, and particularly some vaccines, by the body. 
The present invention is primarily directed to a device 
and method for facilitating delivery of a substance, 
and particularly a pharmaceutical agent, into the 
stratum comeum for more rapid absorption of larger 
quantities of the substance or pharmaceutical agent by 
the patient. Preferably, the device of the invention 
penetrates, but does not pierce, the stratum comeimi. 

Referring to Figure 1, the microabrader device 10 
of the invention Includes a substantially planar body 
or support 12 having a plurality of microneedles 14 
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extending from the bottom surface f the support. The 
support generally has a thidmess sufficient to provide 
rigidity to the device and to allow the device to be 
handled easily. Alternatively, a handle or gripping 
device can be attached to the top surface of the 
support 12. The dimensions of the support 12 can vary 
depending on the length of the microneedles, the number 
of microneedles In a given area and the amount of the 
substance to be adodnlstered to the patient. Typically, 
the support 12 has a surface area of about 1-4 cm*. In 
preferred embodiments, the support surface 12 has a- 
surface area of about 1 cm'. 

As shown In Figures 1. 2 and 2A, the microneedles 
14 are attached to the surface of the support 12 and 
extend substantially perpendicular to the plane of the 
support 12. The microneedles In the Illustrated 
embodiment are arranged In a plurality of rows and 
columns and are preferably spaced apart a uniform 
distance. The microneedles 14 have a generally gg^^ 
shape with sides 16 extending to a tip 18. The sides 
16 as shown have a generally concave profile when 
viewed In cross- section and form a curved surface 
extending from the support 12 to the tip 18. In the 
embodiment Illustrated, the microneedles are formed by 
four Bides 16 of substantially equal shape and 
dimension. As shown In Figure 2. each of the sides 16 
of the microneedles 14 have opposite side edges 
contiguous with an adjacent side and form a scraping 
edge 22 extending outward from the support 12. The 
scraping edges 22 define a generally triangular or 
trapezoidal scraping surface corresponding to the shape 
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Of the side 16. In further enibodlments, the 
nloroneedles 14 can be formed with fewer or more sides. 
Alternatively, the ndoroneedles can be conical, 
cylindrical with conical or pointed tips, blades, or 
other cutting devices. 

The microneedles 14 preferably terminate at blunt 
tips 18. GeneraUy. the tip 18 is substantially flat 
and parallel to the support 14. The tip 18 preferably 
forms a well defined, sharp edge 20 where it meets the 
sides 16. The edge 20 extends substantially parallel 
to the support 12 and defines a further scraping edge- ■ 
In further embodiments, the edge 20 can be slightly 
rounded to form a smooth transition from the sides 16 

to the tip 18. 

The microabrader device 10 and the microneedles 
can be mad^fe^GO^llitto^atc^^^ is non- 
reactive with the substance being administered. 
Suitable plastic materials include, for example, 
polyethylene, polypropylene, polyamldes. polystyrenes, 
polyesters, and polycarbonates as known in the art. 
Alternatively, the microneedles can be made from a 
metal such as stainless steel, tungsten steel, alloys 
of nickel, molybdenum, airomium, cobalt, titanium, and 
alloys thereof, or other materials such as silicon, 
ceramics and glass polymers, j^tal-micrpneedles-can-be^ 

.photolithographl5:et^jJig^of^a-silicon-wafer_^^ 
il^cania^ininflr using a diaswnd tipped mill as known in 
the art. 

The length and thickness of the microneedles are 
selected based on the particular substance being 
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atelnlBtered and the thickness of the atratum cornenn 
in the location ^rtiere the device 1b to be applied. 
Preferably, the microneedles penetrate the stratum 
comeum substantially without piercing or passing 
through the stratum comeom. The microneedles can have 
a length up to about 250 microns. Suitable 
microneedles have a length of about 5 to 200 microns. 
Typically, the microneedles have a length of about 50 
to about 200 microns, and generally in the range of 
about 75 to 125 microns. The microneedles in the 
Ulustrated embodiment have a generally pyramidal shape 
and are perpendicular to the plane of the device. In 
preferred embodiments, the microneedles are solid 

in alternative embodiments, the microneedles 



can be hollow. 

As shoim in Figure 2, the microneedles are 
typically spaced apart uniformly in rows and columns to 
form an array for contacting the skin and penetrating 
the stratum comeom during abrasion. The spacing 
between the microneedles can be varied depending on the 
substance being administered either on the surface of 
the skin or within the tissue of the skin. Typically, 
the rows of microneedles are spaced in rows to provide 
a density of about 2 to about 10 per millimeter (nm). 
GeneraUy, the rows are spaced apart a distance 
substantially equal to the spacing of the microneedles 
In the row to provide a needle density of about 4 to 
about 100 needles per nm*. 

The method of preparing a delivery site on the 
skin places the mlcroabrader against the skin 28 of the 
patient in the desired location. The mlcroabrader is 
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gently pressed against the skin and then pushed 
laterally In one direction In a substantially linear 
direction over or across the skin as Indicated by the 
arrow 29 In Figure 1. The length of the stroke of the 
mlcroabrader can vary depending on the desired size of 
the delivery site defined by the abraded area. The 
dimensions of the delivery site are selected to 
accomplish the Intended result and can vary depending 
on the substance being delivered. For ezanqple, the 
delivery site can cover a large area for treating a 
rash or skin disease. Generally, the mlcroabrader Is 
moved about 5 to 15 centimeters (cm), and preferably 
about 10 era irtien a vaccine Is to be delivered to the 
delivery site. In some embodiments of the Invention* 
the mlcroabrader Is moved to produce an abraded site 
having a surface area of about 4 ani^ to about 10 cm^» 
The mlcroabrader Is then lifted from the skin to expose 
the abraded area and suitable transdermal delivery 
device Is applied to the abraded area. 

The extent of the abrasion of the stratum comeum 
Is dependent on the pressure applied during movement 
and the nuniber of repetitions with the mlcroabrader. 
In one eiabodlment, the mlcroabrader Is lifted from the 
skin after making the first pass and placed back onto 
the starting position in substantially the same place 
and posltlcm. The mlcroabrader Is then pushed a second 
time In the same direction and for the same distance. 
Generally, two to three passes are made with the 
mlcroabrader In the same direction. Generally, It Is 
desirable to abrade the skin by making several passes 
on the skin by moving the mlcroabrader only In one 
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direction rather than In a back and forth motl n. In 
further embodiments, the mlaroabrader can be swiped In 
a grid- like pattern, a circular pattern, or In some 
other pattern for a time sufficient to abrade the 
stratum comeum a suitable depth to enhance the 
delivery of the desired substance substantially without 
piercing the stratum comeum* 

The linear movement of the mlcroabrader across the 
skin 28 In one direction ramoves scxne of the tissue to 
form grooves 26. separated by peaks 27 In the skin 28 
corresponding to substantially each row of microneedles 
as shown In Figure 4. The edges 20. 22 and the blunt 
tip 18 of the microneedles provide a scraping or 
abrading action to remove a portion of the stratum 
comeum to form a groove or furrow In the skin rather 
than a sljnple cutting action. The edges 20 of the 
blunt tips 18 of the microneedles 14 scrape and remove 
some of the tissue at the bottom of the grooves 26 and 
allows thm to xeaain open, thereby allowing the 
substance to enter the grooves for absorption by the 
body. Preferably, the microneedles 14 are of 
sufficient length to penetrate the stratum comeum and 
to form grooves 26 having sufficient depth to allow 
absorption of the substance applied to the abraded area 
without Inducing pain or unnecessary discomfort to the 
patient. Preferably, the grooves 26 do not pierce or 
extend through the stratum comeum. 

The edges 22 of the pyramid shaped microneedles 14 
form scraping edges that extend frcMB the support 12 to 
the tip 18. The edges 22 adjacent the support 12 form 
scraping surfaces between the microneedles which scrape 
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and abrade the peaks 27 formed by the skin between the 
grooves 26. The peaks 27 formed between the groov s 
generally are abraded slightly. 

The Ddcroabrader can be need to prepare a 
treatment site for measnring electrical signals from 
the body on the skin by reducing the electrical 
resistance in the stratnn comeum. The microabrader 
can also be used to prepare a delivery site for the 
passive or active transdermal delivery of a substance 
into the delivery site for a time sufficient to allow 
the substance to diffuse into the abraded grooves 26 
and through the stratum comeum for absorption into the 
body. The delivery device can be a conventional 
transdermal delivery device as known in the art. The 
delivery device can be a passive delivery patch relying 
primarily on the concentration of the substance to be 
delivered contained in the patch relative to the 
concentration in the delivery site- The delivery 
device can also be an active delivery device such as an 
iontophoretic device or an ultrasonic device, as known 
in the art. In a further enbodiment, the device 
applied to the abraded site is a conducting pad for 
measuring electrical signals generated within the body, 

in one embodiment, the transdermal delivery device 
is an iontophoretic drug delivery device 30 that is 
applied to the abraded delivery site. The 
iontophoretic device 30 includes a patch 32 and a 
controller 34. The patch 32 is generally a flexible 
member made of woven or non-woven textiles as known in 
the art. The patch 32 includes an adhesive layer 
covering at least a portion of the bottom surface to 
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attach the patch 32 to the sUn 28 of the patient. The 
bottom surface of the patch includes a reservoir 38 
containing an Ionic pharmaceutical agent that Is 
typically In the form of a gel* 

The patch 32 farther contains a pair of electrodes 
that are positioned for contact with the skin 36 to 
provide an electric current path between the electrodes 
through the skin 36 of the patient when the patch 32 Is 
adhesively attached to the skin 36. The electrodes are 
connected to leads 40, 42 that are coupled to the 
controller 34. One electrode Is coupled to the 
reservoir 38 In a conventional manner as known In the 
art. A direct current Is supplied from the controller 
34 to the electrodes so that the electrode In contact 
with the reservoir 38 assusies the same charge as the 
Ionised pharmaceutical contained therein. The 
Influence of the electric current passing through the 
skin 36 from one electrode to the other causes the 
pharmaceutical agent from the reservoir 38 to pass 
transdermally throu^ the skin 36. Examples of this 
kind of lontophoretlc delivery system are disclosed in 
U.S. Patent No. 5,895,369 to Flower, O.S. Patent Ho. 
5,899*876 to Flower, U.S. Patent No. 5.882,677 to 
Kupperblatt, and U.S. Patent No. 5,873,850 to Flower et 
al.. all of which are hereby Incorporated by reference 
In their entirety. In further embodiments, the 
delivery system can be another type of active or 
passive transdermal delivery system as known In the art. 

In a further embodiment of the Invention, the skin 
Is prepared by abrading the stratum comeum according 
to the above method and an absorption or sampling 
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device Is then applied to the abraded site. The 
Bantling device nay be a conventional device such as a 
standard glucose sampling and monitoring patch as known 
In the art. Other sanpllng devices can be used to 
detect various analytes and drugs in the body. 

It has been found that abrading the skin vith the 
abraders of the invention enhances extraction of 
analytes through the skin during iontophoresis. 
Lightly abrading the sltln to penetrate without piercing 
the stratum comeun can result in a three-fold 
enhancement of extraction of certain substances by 
iontophoresis cooipared to untreated skin. The abrasion 
generally produces little or no irritation at the 
treatment site. Abrading the skin prior to 
iontophoresis allows extraction of analytes from the 
skin with lower currents and shorter durations than can 
be obtained without abrasion. Normally, long periods 
of iontophoresis, especially at high current levels, 
can cause mild to moderate irritation. Abrading the 
skin prior to iontophoresis enhances the extraction of 
the same amount of a substance with milder 
ionto^oretic conditions and less Irritation to the 
patient. 

In further embodiments, the microabrader can 
include a dried or lyophilixed pharmaceutical agent on 
the support or on the microneedles. The dried 
pharmaceutical agent can be applied as a coating on the 
microneedles or in the valleys between the microneedles. 
During abrasion of the skin, the pharmaceutical agent 
is transferred to the abraded area of the skin. The 
microabrader can remain in place on the abraded 
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delivery site for a sufficient tlae to allow the 
phamaoeutloal agent to pass tlirough th abraded 
delivery site Into the stratum comeum. The 
mlcaoabrader can be attached to the skin by an adhesive 
tape or patch covering the mlcroabrader. Preferably, 
the mlcroabrader Is attached to the abraded delivery 
site as prepared by the above method lAere the 
pharmaceutical agent Is passively delivered without the 
use of a diluent or solvent. 

In further embodlnents, a suitable solvent or 
diluent such as distilled water or saline solnUon can 
be Injected throng an opening In the support to 
solnblllse and reconstitute the ^larmaceutlcal agent 
while the mlcroabrader Is attached to the delivery site. 
The solvent or diluent can be Injected from a syringe 
or other container. 

Typically, the microneedles are uniformly spaced 
apart to form an array and have a substantially uniform 
length and width. In a further embodiment, the 
microneedles have varying lengths to penetrate the skin 
at different depths. Varying the length of the 
microneedles allows the substance to be deposited at 
different depths In the stratum comeum and can 
increase the effectiveness of the delivery. The 
microneedles can have lengths ranging from about 50 
microns to about 250 microns. In other embodiments, the 
array can have microneedles of several lengths ranging 
from about 50 microns to about 150 microns. 

A further embodiment of the mlcroabrader device Is 
Illustrated In Figure 6. Referring to Figure 6, the 
mlcroabrader device 50 Includes a base 52 having an 
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array of nloroneedles 54 for abrading the skin. The 
microneedles are substantially solid with no openings 
or passages through the microneedles. The base Is 
generally flat, although In further enibodlments the 
base and the abrading surface can be curved « convex or 
concave. 

A flexible sheet material having an adhesive layer 
56 Is applied over the upper surface of the base 52 and 
Is attached to the base by the adhesive. As shown In 
Figure €, the sheet Is larger than the dimension of the 
base and overlaps on each of the sides to provide -an 
exposed area of adhesive for attaching the device to 
the sUn of a patient. A renovable cover can be 
attached to the device to protect the microneedles 
until ready for use. 

Referring to Figure 6, the bottom surface 58 of 
the base 52 is provided with a plurality of channels 60 
fomed in the bottom surface. The channels 60 extend 
from the center outwardly toward the edges of the base 
52. In the embodiment Illustrated, eight channels are 
illustrated, although additional channels can be 
provided. The channels 60 are illustrated as being 
straight, although in further embodiments, the channels 
can be curved and branched depending on the dimension 
of the base 52, the distribution of the microneedles 54. 
A dried or lyophillzed substance, such as a 
pharmaceutical agent or drug can be provided in the 
channels. 

In use* the base 52 is applied to the skin of the 
patient being treated so that the microneedles 54 
penetrate the stratum comeum. The base is rubbed on 
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the skin aoc rding to the method previously dleoassed 
to abrade the outersoBt portion of the stratun comeom 
of the Bkln and thereby enhance the penetration of the 
microneedles into the stratum comeun and the delivery 
of the pharmaceutical agent to the tissue. The base Is 
then attached to the sUn by the adhesive 56 to allow 
the pharmaceutical agent to pass through the stratum 
comeum for delivering the substance to the patient. 

The microabrader device of the Invention Is 
generally designed to be a disposable* single-use 
device. The device can be used safely and effectively 
for preparing the delivery site for delivery of a 
substance for absorption by a patient. The device is 
particularly suitable for preparing the skin for 
Introducing small amounts of a vaccine antigen for 
presentation to the Langerhans cells. The length, 
width and spacing of the microneedles can vary 
depending on the pharmaceutical agent being 
administered or required to penetrate the stratun 
comeum to the optimum depth for the specific 
pharmaceutical agent being administered. 

The microabrader used in conjunction with an 
intradermal delivery device provides a reliable way to 
deliver individual and multiple pharmaceutical agents 
in small doses by an intradermal route. The 
microneedles of the device limit the penetration of the 
needles to prevent inadvertent deep penetration into 
the tissue as in conventional needles. The 
microneedles are also less painful to the patient and 
exhibit a lover Incidence of skin necrosis common with 
some DNX vaccines. The delivery device can have 
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maltiple chainbers to adninlBter nsiltlple vaoolnes and 
I^amaceutiCBl agents simultaneously without 
ref oxmulation or coiid>lnatlon of the pharmaceutical 
agents* Aamlnlsterlng the pharmaceutical agents into 
the stratum comeum provides efficient absorption into 
the bloodstream, thereby reducing the dose of the 
vaccine. The device is particularly suitable for DNA 
vaccines that may be a stable dry product* 

The following non^llmiting examples demonstrate 
the advantages of abrading the skin in combination with 
transdermal delivery devices. 

A mioroabrader having a surface area of about 1 
cm' is provided with a plurality of microneedles having 
a length of about 250 microns. The microneedles were 
arranged in a plurality of uniform rows and columns to 
provide a needle density of about 200 needles per cm^ 

The mioroabrader was gently placed on the back of 
guinea pigs and moved across the skin to produce an 
abraded area of about 4 cm^ The mioroabrader was 
scraped along the same path several times to produce an 
abraded delivery site. The mioroabrader was removed 
and a coonerclally available anesthetic cream sold 
under the trademark BMLA was applied. The anesthetic 
cream was applied to a second group of guinea pigs in 
the same location without abrading. 

The topical anesthetic was allowed to contact the 
skin for one hour before conducting the test for 
anesthesia. Each guinea pig received five controlled 
stimuli on the treatment site. In the negative control 
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group, the teat site was defined by a similar olrole 
drawn In the same area of the back that was treated In 
the experimental animals. The controlled stimuli 
consisted of tonchlng the treated areas with one or 
more standard monofilaments (von Frey filaments). 
Preliminary validation studies were conducted to select 
one filament for use in the testing. This was the 
smallest filament (least intense stimulus} that would 
produce twitches with a 100% response rate with no 
anesthetic. The 4.08 gauge filament was selected and 
used in these tests. 

The degree of topical anesthesia in the treated 
site was determined by recording the number of twitches 
observed in response to five stimuli to the site. The 
anesthesia was calculated as the percent of stimuli not 
eliciting a response. Thus* five stimuli to a site 
which produced three twitches translates to a percent 
anesthesia of 100 z 2/5 - 40%. The results for the 
animals ware averaged for each determination • 

The degree of anesthesia was measured after the 
one hour application and repeated every 10 minutes for 
another hour. The results are shown in the graph of 
Figure 7. The results show that after treatment with 
the anesthetic (time 0) the abraded delivery site 
eathiblted 100% anesthesia compared to about 65% for the 
unabraded site. The data also shows very good 
anesthesia after a total elapsed time of 30-40 minutes. 

A ralcroabrader having microneedles of about 200 
microns in length was used to abrade the skin of guinea 
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pigs In preparation for dellvary of the anesthetic 
lidocaine ty Iontophoresis. 

Iontophoresis patches ware an^lidd to the abraded 
delivery site to deliver lidocaine for 5 minutes at 1.8 
nik. The control delivery sites without abrasion were 
treated with an identical lidocaine iontophoresis 
device for 5 minutes. The anesthesia obtained by the 
twitch method of Bxaoq^le 1 is presented in the graph of 
Figure 8. The iontophoresis cmrrent was discontinued 
after 5 minutes and the extent of anesthesia measured 
for 1 hour. As shown by the data of Figure 8, 
iontophoresis applied ^to< a micrcabrasion site attained 
100% anesthesia Unnedlately after application, ^rtille 
the same iontoihhoresis without abrading attained about 
50% anesthesia. 

As shown in the graph of Figure the abraded 
site maintained a higher percent anesthesia than the 
site without abrasion. 

mMFLB 3 

This example evaluates the dose of lidocaine in 
the tissue. Lidocaine iontophoresis was conducted on 
anesthetlsed Yorkshire pigs using patches spiked with 

lidocaine. Four abraders were selected having 
different microneedle lengths and shapes as follows: 
100 microns with sharp points; 100 microns with blunt, 
flat tips; 200 microns with sharp points; and 200 
microns with blunt, flat tips. 

A delivery site was prepared on the pigs by 
abrading the skin with each of the microabraders and 
the patches were applied at about 1.8 mA. The 
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radiolabeled lldocalne that was delivered to the pig 
was Imaged on tape strips and assay d In the skin 
underlying the patch application site. The tape strips 
qualitatively show enhancement of lldocalne delivery 
with abrasion. 

The treated skin was biopsied and cut Into 
sections that were then dissolved and assayed for 
radiolabeled Udocalne with llguld scintillation 
counting. The average doses were determined by 
averaging the tissue doses for each section of the 
sites from the two applications.- The results shown In 
Figure 9 indicate that the abrader length affects the 
tissue dose. Con^jarod to the control skin without 
abrasion, the enhancement was about three times for the 
100-mlcron abraders, and about seven times for the 200- 
mlcron abraders. 

This example conq^ares the effects of the current 
on the delivery of the anesthetic using iontophoresis 
on abraded and unabraded delivery sites. Delivery 
sites were prepared by abrading the skin as in Kxanple 
1. An iontophoretic device as in Rxaaple 2 was applied 
to an abraded site and to an unabraded site to apply 
lldocalne at 2 mA. Identical abraded and unabraded 
delivery sites were prepared and the lldocalne appUed 
using the iontophoretic device at 4 mA. The percent 
anesthesia as shown in Figure 10 indicates that the 
delivery is directly proportional to the applied 
current and that abrading the skin prior to delivery 
Increases anesthesia at all current levels. 
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This exaorple compares the subcutaneous injection 
of a Parathyroid hoimone referred to as PTH(l-34} with 
delivery by an iontophoretic patch. PTH dosing 
solutions were prepared at 100 [ig/ml in normal saline. 
A 25 |ig dose was delivered to the test animal as a 0.25 
ml injection into pinched loose skin halfway down the 
dorsal mid-line posterior to the last rib. 

A two-compartment style iontophoretic patch was 
loaded with a solution of the drug immediately prior to 
applying to the skin. The patches had a 1/32-inch 
thick reservoir and an active area of 1.0, 2.0 or 4.0 
cm*. The volume of the drug solution applied to each 
patch was 50, 100 and 200 |il. respectively* The 
patches contained an upper electrode c<niipartment with a 
silver anode in a hydrogel with a particulate cation 
exchange material in the sodium ion form. The lower 
drug reservoir compartment had an absorbent 1/32 inch 
thick hydrophilic porous medium. The two compartments 
were separated by a size exclusion monbrane. The 
current for these experiments was applied for 4 hours 
at 0.5 mA/cmf'. 

The drug solution for the iontojihoretic patch was 
prepared in 10 nM acetic acid, 5 m HaOH and 30% 
glycerin. 

The mlcroabraders were made by a wet etching 
process from a silicon wafer. The mlcroabraders were 
uniform two-dimension arrays of solid microneedles 
Integral with a base. The microneedles had sharp 
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points and a conloal shape with a length of about 200 
nlcrons. The nlcroabrader had a surface area of about 
1 cm' and about 200 microneedle points. The skin was 
cleaned with 70% Isopropyl alcohol. The mlcroabrader 
was swiped over the cleaned area In a grld-lDce pattern 
for about 15 seconds to produce an abraded delivery 
site of about 4-5 cm' . A small amount of skin was 
observed flaJdng off. No skin irritation was observed* 

Hie lontophoretlc patches were applied over the 
abraded delivery site. The amount of PTH In the plasma 
was monitored over a period of 4 hours. * The results as 
shown In the graph of Figure 11 Indicate a similar 
Increase In PTH blood levels over time compared to 
subcutaneous Injection. 

mttFLg 6 

This example demonstrates the effect of 
mlczoabraslon on the extraction of analytes through the 
skin during Iontophoresis. In this example, the 
extraction was evaluated using sodium fluorescein as a 
fluorescent probe. The extraction was measured from a 
weanling swine using Iontophoresis on normal and 
abraded sites. Test conditions were evaluated on sites 
with Iontophoresis with abrasion, iontoi^orosls without 
abrasion, and no lonto^u>resls with no abrasion. 

At^inwi prAitmrationa A weanling swine was 
anesthetlxed and the test area on Its side was ollpped 
and washed with saline. Sites for two sets of 
lontophoretlc patches (one anode and one cathode In 
eatih set) were Identified and marked. The first site 
served as the non-abraded control, and the second site 
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was abraded using £lve light passes with a silicon 
mloro-abrader having an array of wLcsroneedles of about 
200 microns in length. 

P fltGh Dftgi9n i Each iontophoretic set comprised an 
anode and a cathode patch. The anode patch consisted 
of a 2 cm^ silver metal mesh pressed onto 4 cm^ of 
1/32* Porex (sintered, porous polyethylene). The 
cathode patch consisted of a 2 cn' chlorlded silver 
mesh with 4 can^ of 1/32' Porex. Bach asseiiiA>ly was 
covered with an overlay of adhesive-coated polyethylene. 
200 microliters of normal saline was added to each 
Porex disc, and the patches were applied to the sites 
on the animal. A single Porex disc was used as a non- 
abraded, non- iontophoretic control. The entire 
experimental procedure was repeated on the other side 
of the animal to give an N of 2 for each case. 

TH^iiiinne and TOWLi TripUcate Transcutaneous 
Epidermal Water Loss (TENL) and Impedance 
determinations were made on all sites designated for 
patch placement before and after abrasion. TEWL 
increased by approximately lO-fold and Inpedance was 
reduced by 35-60% indicating that the slcin barrier 
function was reduced by abrasion. 

g^T>imAfit:ni procedures At time sero. the animal 
was given a bolus Injection of 6 mg/kg sodium 
fluorescein (in an 18.1 kg swine) using the procedure 
outlined by Eppsteln et al. in Diabetes T^ctnology 6 
Therapeutics, Vol. 1, No. 1. 1999, pp. 21-27. 
Approximately 7 minutes after injection, 600 microamps 
of current was passed through each iontophoretic patch 
pair for 10 minutes. At the end of the application. 
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all patches were removed and the fluid, fron each patch 
was extracted and analysed for fluorescence. Fluid was 
renoved from the Porex by oentrif ugatlon followed by a 
methanol wash and a second cen trif ugatlon « The 
supernatant was reconstituted to the original load 
volume and fluorescence was determined on SLM Aminco 
Floorlmeter (excitation - 493.5 nm; emission » 520 nm). 

Results I Fluorescein recovery results are shown 
in Table 1 below and the grwh of Figure 12. Table 1 
shows the measured fluorescence wission and the 
concentration of samples obtained at each sampling site. 
The data show that iontophoresis Increases extraction 
of fluorescein relative to passive extraction, and 
fluorescein is preferentially driven in the anode 
relative to the cathode. Moreover, the data show that 
abrasion in combination with iontophoresis enhances 
extraction of fluorescein more than three-fold in the 
anode and two -fold in the cathode. 

TABLE 1 

Samples Extracted from Patdhes ISF 
Samples Hex Bidsalon 

Abraded Non-Abraded Control 

Cathfidfi Anodfi Cathfidfi Anoda 

Side 1 6337 15800 2761 4936 1264 

Side 2 5716 12540 1484 3846 1212 

SoBiples Cone. Ms 

Abraded Non- Abraded NO-IONT 

Cathode AnodQ rathnde AUOdfi ContrOl 

Side 1 0.01007 0.02511 0.00439 0.00784 0.00201 

Side 2 0.00908 0.01993 0.00236 0.00611 0.00193 
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AV6 0.00958 0.02252 0. 0337 0.00690 0.00197 



Wiile several embodiments have been shown to 
Illustrate the present Invention, It will be understood 
by those skilled In the art that various changes and 
modifications can be made therein without departing 
from the scope of the Invention as defined In the 
appended claims. 

i, BrIlftC HMBglytlon nf fhm Drmtlnas 

The following Is a brief description of the 
drawings. In lAilch: 

Figure 1 Is an end view of a mlcroabrader 
positioned on the skin In accordance with one 
onbodlment of the Invention; 

Figure 2 Is a perspective view of the mlcroabrader 
surface In the embodiment of Figure 1; 

Figure 2A Is a cross-sectional side view of the 
mlcroabrader; 

Figure 3 Is a bottcn view of the mlcroabrader In 
the embodiment of Figure 1 showing the tips of the 
microneedles; 

Figure 4 Is a perspective view In partial cross- 
section of the abraded skin showing the abraded grooves 
In the skin; 

Figure 5 Is a side view of the abraded delivery 
site on the skin with an lontophoretlc device placed on 
the abraded delivery site; 
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Figure 6 Is a bottom viev of the mlcroabrader In a 
further embodlJitent, shoiring the Dlcroabrader needles 
and a dry phazmaceutlcal agent; 

Figure 7 Is a gra^ conparlng the percentage of 
anesthesia by delivery of a topical anesthetic cream on 
abraded and unabraded delivery sites; 

Figure 8 is a grajdi comparing the effects of an 
anesthetic using an iontophoretic device on abraded and 
unabraded delivery sites: 

Figure 9 is a graph showing the dose absorbed by 
the skin In relation to the mlcroabrader needle length * 
and shape of the tip; 

Figure 10 is a graph comparing the anesthesia in 
relation to the current in an iontophoretic device on 
abraded and unabraded sites; 

Figure 11 is a graph showing the plasma 
concentration of PTH by iontophoresis and subcutaneous 
injection; and 

Figure 12 is a graph showing concentration of 
fluorescein extracted from sanvling sites by 
iontophoresis. 
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1, Abgtraot 

A device includes a plurality of microneedles for 
abrading the stratum comeum of the skin to form a 
plurality of grooves In the tissue having a controlled 
depth and width. The microneedles have a length of 
about 5-250 microns and generally about 5-200 microns. 
The device is rubbed over the skin to prepare an 
abraded site after which a transdermal delivery or 
Bai4»ling device is applied to the abraded delivery site. 
The abrasion increases the permeability of the skin and 
the rate of delivery and eactraction of a substance 
without pain or irritation to the patient. 



